Text extraction and character recognition in manuscripts are a very important part of image processing and pattern recognition. The recently proposed Gamma Correction Method (GCM) is a popular method used in the processing of a color image and in particular in the extraction of text from a complex image. However, The GCM consumes a lot of time to extract the text and this is because of the complex calculations of different operations in the different blocks of GCM which is not suitable to real-time applications. In this paper, we propose an efficient Gamma Correction Method acceleration. Our proposal allows to minimize the GCM execution time while ensuring the same reliability of the initial version. The experimental results show an important optimization compared to the literature.
I. INTRODUCTION
Text extraction is divided into several sub-problems: Detection, localization, location, extraction, improvement and recognition. Most of the time the first three steps can be confused, but in reality they are perfectly distinct. The detection determines the presence of texts or not in a given image. Localization is a process that determines the location of text in an image and generates frames around the text. The registration is performed to reduce the processing time of the location and keeps in memory the original location of the text in the image. The extraction transforms the text into a binary image, then extracts it from the background of the original medium and improves it to give a better resolution of the text. Recognition, using the optical character recognition (OCR) [1] technique, transforms a printed (analog) text into a digital file composed of ASCII characters instead of pixels (analog file) [2] .
The performance measurement depends on the recognition capacity of the different existing algorithms. In our case, we will extract the text and see the result directly on the images. Text embedded in the image is more difficult to extract. The difficulty of localization depends on several factors such as: Length, height, complexity of the background: texture and shape of the background, contrast and multiplication of long texts. Indeed, these different (rather random) variations make the problem of extracting text extremely difficult especially in complex images [3] .
Existing methods have been proposed to resolve this problems. Zhong et al. [4] propose an algorithm based on the RGB histogram which will be evaluated in a limited number of classes and then their distinguished peaks are extracted repetitively. All extracted components are then classified into "text" or "non-text". Zhou et al. [5, 6] propose a graduated clustering algorithm combining an RGB color distance and the spatial proximity of colors in the image space. The algorithm gives partially interesting results on the basis of images resulting from more or less complex internet streamers. Sin et al. [7] propose a progressive approach. In summary, each region is transformed into a one-dimensional sequence, and the region is validated as a text field if the auto-correlation function of its Fourier spectrum contains a significant number of peaks. This algorithm is used in the case of the detection of long texts on road signs.
Among the most recent text extraction methods for text images, Sumathi and al. (2012) describe in detail the different schemas existing on the extraction of text from an image and in 2014 they proposed a new algorithm for the extraction of text in an image. This proposed method allows to delete the background of the image based on the Gamma Correction 978-1-7281-3975-3/19/$31.00 ©2019 IEEE Method (GCM) [8] . However, this method consumes a lot of time to extract the text and this is because of the complex calculations of different operations in the different blocks of GCM and that's not good for the real-time applications. In this paper, we propose an efficient Gamma Correction Method acceleration. Our proposal allows to minimize the GCM execution time while ensuring the same reliability of the initial version. The experimental results show an important optimization compared to the literature. The next of this paper is organized as follows, section 2 presents the GCM algorithm. In section 3, we propose our new gamma correction method. Experimental result are given in section 4. Finally, conclusion and perspective are drawn in section 5.
II. EXTRACTION TEXT USING GCM AND RELATED WORK
The gamma correction method is a popular method used in the processing of a color image and in particular in the extraction of text from a complex image. The importance of this method is to remove the background of the image and locate the text region. The correction is given by γ = x γ which controls the overall brightness of the image. When the quantity of γ is less than one, the transformed image becomes lighter than the original image; and when the amount of γ is greater than one, the transformed image becomes darker than the original image as shown in Figure 1 . The correct estimate of gamma value improves the contrast of the image. This correction must be applied to pixel intensities. In fact, for text extraction, the GCM [8] generates 100 modified images for each gamma value (the value of gamma can vary from 0.1 to 10.0 with increments of 0.1) from the original image. Then for each modified image, it generates the image threshold (1) using Otsu's method [10] and the Gray Level Co-occurence Matrix (GLCMs) [11] to calculate two texture features which are contrast (2) and energy (3) . Then, it estimates the best gamma value from the contrast, the energy and the threshold of the image to generate the binarized and the corrected image. 
Where σ represents the inter-class variance and ω represents the probability of being in class one or two.
With Ng is the number of gray level and p(i, j) represent the value of the GLCM, (i, j ∈ [0, 255]). Table 1 gives an overview of the set of values generated for the illustrated image in Figure 2 (a). From these values the optimal gamma estimation is made based on rules defined in [8] . For example in the case of the Figure 2 (a) , the rule 2 [8] is applied since for γ = 1 (original image), the value of the energy ≤ 0.05 and the value of contrast ≤ 1000. This made it possible to determine the optimal gamma value (γ = 5.5) enabling to delete the background of the image (Figure 2 (b) ) and consequently the selection of the threshold value (T = 0.246094). This threshold allows the conversion of the grayscale image to a binary image (Figure 2 (c) ). The execution time to apply the GCM on the image in Figure 2 (a) is 4.2649 seconds. This value has a negative influence for real-time applications. In this context, some existing methods have been proposed a GCM acceleration to reduce its execution time.
Mahmood Farshbaj Doustar and Hamid Hassanpour [12] proposed a new adaptive method of gamma correction. This method estimates the gamma values in different regions of an image and transforms these individual pixels of the image according to the estimated gamma values.
Rostom and al [13] proposed an acceleration of the Gamma Correction Method (AGCM). In fact, the AGCM method predicts a sub-range of values where the selected gamma is expected to be found by the GCM. This method is more efficient compared to the GCM but the execution time is still higher.
III. PROPOSED METHOD TO ACCELERATE THE GCM
In this section we will present our proposed new gamma correction method, that we will call NGCM. In fact, our proposed method centred on minimizing the number of modified images. In fact, our goal is to propose to generate n modified images instead of generating 100 modified images (where n ≪ 100).
A. Study of the GCM parameters
In this part we will apply the GCM method on 3 images of different complexity. In fact, this application allowed us to analyze the relationship between the parameters calculated by the GCM (contrast, energy and Threshold) and the Selected Gamma Value (SGV). Figure 3 , for each image we have drawn the energy, contrast and threshold curves for 7 modified images, for Gamma = {0.1, 0.9, 2.5, 4, 5.5, 6.5, 10.0}.
As shown in
The 7 values have been selected in areas containing gamma values that determine the behavior of the parameter curves, so that the entire curve can be reliably categorized.
We note that the best value of gamma depends essentially on contrast values. In the next part we will propose our rules to accelerate the GCM method. 
B. Proposed rules
As previously stated, the contrast curve is the main factor (first-order characteristic) to influence the gamma value area. The other factors (second-order characteristics) that should be evaluated in the second phase are the high energy values and the Otsu threshold. We describe the main behaviors and their relation to the selected gamma value.
Our study leads to mention that the contrast curve has three main behaviors: Always increasing, stable or decreasing. An increasing curve (see Figure 3 (a)) has an optimal gamma value of 10.0 and are generally images without many variations or features. An stable curve (see Figure 3 (b) ), the selected gamma value is always located in the range of [0.1 -2.5]. An decreasing curve (see Figure 3 (c)), the selected gamma value is always located in the range of [4 -6.5].
C. Proposed algorithm of the gamma estimation
The Figure 4 represents our proposed organizational flow chart. This flow chart makes it possible to determine the sub range of the gamma value.
The organizational flow chart has 3 main branches: increasing contrast curve, decreasing contrast curve and the stable contrast curve. After the examination of the different outputs of GCM, we found that some type of images always take the same value of gamma. Generally, we find this case in images that have a dark background with a little light feature (increasing curve), in this case, the selected gamma value is usually equal to 10.0, in cases where the image has a complex background with a clear text (descending curve) usually have a selected gamma value that belongs to the middle section, in this case, the selected gamma value is generally located in [4 -6.5] , and while the other case (stable curve) the selected gamma value is generally located in [0.1 -2.5]. In the cases of stable and decreasing curves the gamma value will be estimated using the three rules of Sumathi [5] , but only for 25 gamma values instead of 100.
IV. EXPERIMENTAL RESULTS
For the purpose of evaluating, we applied the NGCM, AGCM and GCM algorithms on multiple images taken from ICDAR [14] database. We developed the three methods in C++ and we executed them on a PC intel i7 clocked at 3.5 GHz. The partition of the range of gamma in sub range proposed by the NGCM, makes it possible to minimize the execution time with keeping the same quality of AGCM and GCM in most cases (see Figure 5 ), see even improve it in some cases as Figure 5 , image 6 for example.
The Figure 6 presents the superposed execution-times of the GCM, AGCM and NGCM over the ICDAR image set. The execution-time of the NGCM is dramatically reduced. It can not be generalized in a fraction of the GCM's execution-time because the gamma sub-range prediction size is variable from 0.1 to 2.5 in stable case, from 4 to 6.5 in decreasing case and simply 10 in increasing case. This makes that the number of gamma-modified images that have to be calculated and features analyzed is variable, while the GCM always analyses 100 images and the AGCM analyses 20 to 60 images. For example in the case of the image 2 of Figure  5 , the execution-time of the NGCM is equal to 0.04 second while the execution-time of the GCM is equal to 4 second and 1.4 second of AGCM. In the case of the image 7 of Figure 5 , the execution-time of the NGCM is equal to 0.15 second while the execution-time of the GCM is equal to 3.1 second and 0.9 second of AGCM. To verify the good functionality of our proposed method in real time applications. We applied the NGCM on video of a television newscast and webcam video stream. Figure 7 illustrates our NGCM real time execution on television newscast video. We notice that the NGCM extract 23 frames / second for a (416 * 240) frame size.
V. CONCLUSION
This paper introduced the GCM as a robust method for the segmentation and binarization of text features in complex color images. We presented a behavioral study of textural features curves and an effective sample method that retains the behavior of these curves. Our proposed method reduces dramatically the execution-time of the entire process while ensuring the same high level of efficiency and reliability of the original method. This improvement allows the NGCM to be integrated in realtime applications. Further improvement of the execution time can be done by a parallelized version of the algorithm.
